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KOmnb4yaTo-LenHaa TayTomepus
(yrmeBoabl)

BucynbduTtHOE NnpousBoaHoe - 06pa3yoT
anbaernabl U NPOCTPAHCTBEHHO He3aTpyAHEHHbIe
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[KGTO-GHOHBHOG TayTOMEepHOe paBHOBeCUue n CBA3aHHbI€ C HUM peaxuwu}
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[HanpaBneHue €HOJIN3aUunUn 3aBUCUT OT Cpeabl. }

MeHee 3aMellleHHbIW eHONMAT-aHUOH
Bonee yCTOW4YUB (anNkun - 4OHOP 311eKTPOHOB)
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Oonee 3aMelleHHaA KpaTHasa cBA3b
oonee BbIrogHa
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EHonunsauua obecnevymBaeT BO3MOXHOCTb 3N1EKTPOPUNBLHON aTaku
no anbda-yrnepogHomy atomy!
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[Peaxuww KOHOeHcauuu ]

KapboHUNbLHOe coeaAnHeHUue - anekTpodun (YJaCTUYHLINA NONOXUTEeNbHBLIN 3apAa
Ha Kap6oHMNBLHOM aToMe yrrepoaa; eHon - Hykneodpun (napa aNeKTpoHOB aroMa
KUCrnopoaa, HaXoAALWAACA B CONPSAXEHUN C KPaTHOM CBA3bLIO)
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KOHUEeHTpauus
eHorna mana!
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8H2 KPOTOHOBLIW anbaerna
NPOAYKT anbAoSNIbHOM (NpoAyKT KPOTOHOBOM
KOHAeHcauuu (B AaHHOM KOHAEeHcauum, obpasyertcs
cnyyae He Bblgensercs) B 3TUX YCIIOBUSAX)
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Kap60HVIJ1bHaF| MeTurieHoBas
KOMIOHEeHTa KOMIMOHEeHTa
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OKMUCb
Me3uTuna c¢dopoH
(@)
(@)
a/’”\\~ Ha
PhCHO + —> =
kap6oHUNbHas MeTUNneHoBas Ph
KOMMNOHEHTa KOMMNOHEeHTa

lNMepekpecTHaa KOHAeHcauua — KapOooOHUNbHaA U meTune-
HOBas KOMMOHEHTbI pa3nuyHbl. KoHOeHcauua — Hykneo-
counbHoe npucoeauHeHue no ceasm C=0, B KOTOPOM anb-
Aernabl akTUBHee KeTOHOB ( aToM BoaopoAda — akuenTop no
CPpaBHEHUIO C ankurioMm; KapooHunbHaa rpynna anbgeruvga
npocTpaHCTBEHHO 6onee goctynHa. lNMpu npoBegeHun nepe-
KPeCTHOW KOHAEeHCaLUUn XenartesibHO, YTOObI KapOoOHUNbHasA
KOMIMOHEHTa He Morra BbICTyNnaTb B Ka4yecTBe METUJIEHOBOM
(oTcyTcTBME aTOMOB Bogopoaa y anboa-yrnepoaHoro
aToMma, Kak, Hanpumep, y 6eH3anbaervnga). /
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R, R1
H A+A
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NSO
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B+B B+A

/ AOnsa Toro, YToObI onNpeaenUTb NPeMMyLLeCcTBEHHOE HanpaBfeHne KOHAeHcauuu,
Heob6xoaAUMO, YTOObI KapOoOHUIIbHAA KOMMOHEHTa obflapana 3aMmeTHO 6onbLuen

aKTUBHOCTbIO, @ METUIIEHOBasA KOMIMOHEHTa — 3aMeTHO Oornbluel YCTOMYUBOCTbIO

(yuyeT BNMsiHMe Bcex 3amecTuTernien B ucxogHou nape). B nporuBHoM cnyvae

BO3MOXHO OOpa3oBaHue BCeX YeTblpex NPoAyKTOB B COMOCTaBMMbIX KONM4ecTBax

— peakuus CTaHOBUTCA HenpenapaTUuBHOMWN.

NMony4nTb NPOAYKT KOHAEHCALUN anbAofbHOIo TUna B KUCNou cpeae HeBO3MOXHO
\(cne,qyeT aAernppartaumusa ¢ obpaszoBaHueM NpoayKTa KPOTOHOBOM KOHAEHCcaLuun). /

(0 OH

Q  Ba(oH),
)l\ = )]\)<

ONaueTOHOBBLIN CNUPT



(OH (@)

0 0
HO" )\ JI\ /\)]\
PUERD.. 1 )LPh 1 [Ph ACH Ph‘ £, Ph Ph
H

"OH

Peakuusi anMMUHNPOBaHNSA NPOUCXOAUT U B LLIENTOYHON cpefe BCrneacTBue
NOBbLILUEHHON KUCNIOTHOCTU NPOTOHA Y anbda-yrrnepoaHoro atoma KapooHUNbLHOM
rpynnbl, C O4HOU CTOPOHbI, U BO3MOXXHOCTU OOpa3oBaHMA NPOTKEHHOU CUCTEMDI
COMpPAXEeHUs, C APYrou.

KHeBeHarenb

X NuUnepuauH, R

R X
TPUITUNAMUH —
=0k < - >_<
R

Y R Y

X, Y - cunbHble akuenTtopbl Nno mesomepHoMy 3dhdekty - COR, COzR, CN, NO,
B Ka4eCcTBe KaTtanusaropa ucnonb3yertcs cnaboe (opraHM4eckoe) oCHoBaHue
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[ Apyrve anekTpodunbli }

~

/KouueHTpauvm KapOOHUNbHOIo CoeaNMHEHUA 3HAUUTENBbHO MPEBOCX0AUT
KOHUEHTpauuio eHorna (eHonAT-aHMoHa). CnepgoBartenbHO, B cpeae NpucyTcrByer
60nbLUOE KONMUYECTBO 3MEKTPochuna - HEeHONMM30BaHHOIO KapBGOHUNBLHOIO CoOeANHEHUS,
KOTOpPOE KOHKYPUPYET C ApPYrMMn nNpubaBnsieMbIMU 3neKkTpocdunamm B criydae ux

/

\.CONOCTaBMMON peakLUMOHHON CNOCOOHOCTM.

e
OH O (@)

° o A NC 0
—= — + CH;O0OEt +
)H3CL‘| Sy 2
O (@)
~
HL
OH

[ npoayKrbl CaMOKOHAOEHCaUunuu ]
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{ ManouwgnpoBaHue }

Kucnbin katanus

Br 0 npu Katarnunse KUCnotamMm peakumsd ranomnampoeaHusA
2 B Kap60Hm1belx Coe,D,VIHeHMﬁ ABndeTcs
r aBTOKaTaNMTUYECKON - MPOTOHbI (FranoreHoBoAopo.)
BNAKOTCA NpoayToM peakuuun
i \ p—
HO Y 2

’) Br—rEr _ i B

OCHOBHbIN KaTanus

o)
Br2 [ BrZ . -
)\/-Br Br;C
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HO" 0) OH
CO.H
BrsC B"sc\,) - CBry
/\C o, * CHBr; 6pomodopm peakuus ranodopMHOro pacnaga
[ Peakuua HUTposnpoBaHus }
NaNO,
Kucnasi cpega EtOH —+)> EtONO

H;0

O
AvaueTun -
NO 2 58 NOH H30 o no 3anaxy HanoMMuHaeT
CNUBOYHOE Macno
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EtO- SYNS-F = \/S'Et EtO
(@)
@)

NO

*
. NOH peakuus CrnoxHoacpupHON KOHAeHcauuu
(Tuna KnanseHa)

[ Peakuunu okncneHus ]

KeTOHbI OKUCHAIOTCA B XXECTKUX ycnoBusx:

O

)I\ MnO4', H*
R1H2C CH2R2 _t> R1CH2C02H + R1C02H + R2CH2C02H + R2C02H

o) /COZH OH
HNO; (pa36.)> (Hzc)at . HNO3t(pa36.)
t CO.H



Anbgernabl OKUCNAKTCA 3HAYUTENbHO Jerye:

rcHo 195 RCO,H

[O] = MnO,, Cr,0,%, Br,/HO",
[Ag(NH3),] OH - peaktuB TonneHca (peakuus cepebpsiHOro sepkanay)

[ Peakuua banepa-Bunnurepa ]

O HO
)J\ RCOH %_/)OQ)JLR )I\ R,
v
RS SR, <~ R I -Rco2
1

pAa NOABUXHOCTU MUrpPaHTOB: H > Ar > ankun (TPeTUYHBbINA > BTOPUYHbIN > NepBUYHbIN)

peakKunda nponcxoauT Kak CMHXpOHbIﬁ npouecc.
') O

RCO:H
s

NaKTOH
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PagukanbHoe OKUCrneHue anbaerngos («ayTOOKUCIIEHUE»)

0
0, /0O, 9 RrecHO ©  RcHo
RCHO—» R—, = R —> R — 3= 2RCO,H
RO 0o—o* RCO O—OH
_ROH

nocneaHAas cragusa - peakuusa banepa-Bunnurepa

BoccTtaHoBneHue

[H] = Ho/kaTanusaTtop (Pt, Pd, Ni, CuO/Cr,05),
o ycrnoBus 6onee xecTtkue, YeM ans

Mg/Hg/H;0*(a) [H] i ruapupoBaHus ceasm C=C;
P P g/ng/rs J\_y)\ NaBHy;

(CHs3),CHOH/AI{O-i-Pr);

a - KnemeHceH
b - KmxHep-Bonkd

Mg/Hg/H3;0"/6eH30n

¥

OH OH



OvucnponopunoHnpoBaHue

Peakuua KaHHuuuapo

HO' Y 0
RCHO ===~ R_I—Q R —» RCO,H + RCH,0' —~ RCO, + RCH,OH
H
OH

B peakuuio BCTynawT anbaernabl, He coaepxawune aToMoB BOAOPOAa Y o.-yrfepoaHoro atoma
B NpOTMBHOM CJlyyae NPoUCXoasT peakuun KOHAeHCAL MK anbaofibHO-KPOTOHOBOTO TUNA.

MepekpecTHas peakumsa KaHHuuLapo:

dbopmanbaerna o6bI4YHO BLICTYNnaeT

HO-
RCHO + CHZO - RCHZOH + HCOZ- B pofin BOocCTaHOBUTENA

Mpumep (CUHTE3 NeHTa3pUTpUTa):

HO CH,O CHO Ho =0
CH;CHO+ CH,0 — I HO™ Ny — —» L
HO" HO~ HO OH

aNnbAoJsibHaxA KOHAeHCaLUUus, cbopmanb,qerm:l =
Kap60HM.I'IbHaFI KOMMNMOHEHTA

CH,0 HO OH nocrieAHANA CTaaus - nepekpecTHas peakuus KaHHuuuapo
H O)' HO OH (cbopmanbaerna - BocctaHoBUTEsb)



Peakuusa TuweHko 31

RCHO —» /u\ R - ankun, apun
AIOR); R b X

Mpumep:
CH;CHO —» )]\ MPOMbILNEHHbIA CUHTE3 3TUNauerara
OEt

BeH3ouMHOBasi KOHOAeHcauus

o OH OH R £
RCHO%R H ——=R HE\L‘ R—F-(—»\ﬂ/
& CN CN HOY CN No
CN" - Hykneodun CN" - ocHoBaHue CN - akuenrop
OH 03 OH Q9 o> o
FRam T s B
CN H CN H ( ey H

0 OH

R = Ph - 6eH30ouH
R Peakuusi NPOMCXOAUT TONBLKO C anbAernaamu,
R He MMeIOLMMM NMPOTOHOB Y G-yrfepoAHOro aToma
H



B -AnkapO6oHunbHbIe COeANHEHUS

MeToabl nonyyeHus

1. OKkucneHue anbgonen

oo OH 9 g 9 0O
RCHO + R'COCH; —3» )\/U\ —> )]\/U\
R R’ R R'

anbaonb

2. KoHaeHcauus KnsinseHa

/ CNOXHbIN 3¢Up - MeHee aKTUBHAsA KapbOHUNbLHAs KOMMOHEHTa
n 6onee cnabaa CH-kucnora (o6pa3yetr MmeHee yCTOMYUBBLIA aHUOH

OCHOBaHue, 4yeMm rmapokKCcua-aHUOH, 4YTO obecneyuBaeTt CpaBHUTEJIbHO
KGOJ'IbU.IyI-O KOHUEeHTpPpauurw eHoNnAT-aHMOHa U3 KeTOoHa.

B

npu 4eUCTBUU OCHOBaHUSA), YeM KETOH. dTUNaT-aHUOH - 6oree CUrNbHoe

_

EtO" ol
RCO,Et + R'COCH,
(unu NaNH,, NaH, Na) R R’
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EtO" e
R'COCH; === R'COCH,

Yool = e P A = A _eon

9 OEtb

a - npsimasl peakuums, b - obparHas

o) o) o o0 0 o®
e T
R R' R R’ R R
AUNKeTOHaT-aHUOH, ero 06pasoBaHMe capuraert paBHOBeCMG
(BCce cTaaum peakumm - o6paTtuMbl!) B CTOPOHY o6pasoBaHUsA NPOAYKTA.

H

o
%/[L = _*+ RCOH —» RCO;
R R

OYyeHb nnoxas
CpaBHUTENbLHO KapOoHunbHas

YCTOMYMBBIN KOMMOHeHTa!
€HONAT-aHUOH

EtO”
EtOH
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CBouctBa beTa-auKeToOHOB

1. 3HauuTenbHas eHonusauusa BCrieAcTBME BO3HUKHOBEHUS COMPSKEHUA U
BHYTPUMONEKYNAPHON BOAOPOAHOWN CBSA3N

H.. .H
O O 0/ .IO O' \O
)]\/u\ - T
R R' R)\)\ R' R R'

2. Bbicokaa CH-kucnotHocThb (Aenokanusauua 3apsaa B aHUOHe)

o1 W ——o e ®© o O we®
R R’ R Ris. & R R R'
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oA AﬂKMnMpOBaHVIe AVWKeTOHaT-aHNOHAa KaK MeTo4 CUHTe3a arikun3amMmelleHHbIX KeTOHOB

O 0 0

1. RCO,Et/ EtO"
R >

2. H,0* R

" o i R', R" - nepBUYHbIe
ﬂ (BTOpUYHbIE)
Sn2 R R |ankunranorexnapi!
Rl Rll
HO-, t  -RCO,"
HO~, t | -RCO,
0
0 “ R
Rl
)j\/R' R
R J\l/
k Rll j

Bblicokas CH-KUCNOTHOCTb NO3BONAET NpeBpalwaTbh AUKETOH B aHMOH Haueno,
4YTO UCKJIIOYaeT BO3MOXHOCTb NpoTeKaHUA No6oYHbIX KOHAEeHCAU UM - B pacTBope
NPUCYTCTBYET TONbKO OAUH HYKeodhun (AU KeTOHAT-aHUOH) U OAWH 3NeKTpochus -
ankunranoreHng
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CuHTe3 1,4-AMKeTOHOB

R R
0 0
QO 0O 4 EO HO", t
- I 3
. 2 - -
R R (0.5 monw) © o "RCO; R R
R R
R R Rl Rl
O o
1.eto- © >=° aor
. o a7 R R _——)»RCO_ 0 0
(0.5 monb) O O 2 R R

R’ R R



KapboHoBble KUCHOThI

NMonyyeHue

1. OkucneHue yrnesogopoaos

AI'CH3

X AR

2. OKucneHune cnupTosB
[O]

R” oy — RCO-H

3. N3 ankunranoreHnaosB

CN;

AI'CX3

X
2 SN

HO", t
KMnO,, H*

X2 — C|2, Br2

KMnO, . ArcO,H

RCO,H

NJ- O ¥

2. H,0

H,0*

RX —» RCN ——3

Sn2

[O] = Cr8*/H*, t; Mn"*/H*, t; X,/HO

RCO,H
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4. OKkucneHve anbpernaoB

[C]
RCHO —» RCO,H [O] = Cr8*/H*, t; Mn7*/H*, t; X,/HO", O, (Bo3ayXx);
Ag* (peakTus TonneHca, peakums '"cepebpsiHOro
3epkana"); R'CO;H (peakuus Banepa-Bunnurepa)

5. 3 KeTOHOB

OKucrneHne NPOUCXOaAUT C pPa3pyLUEHNEM CKEreTa
0O

Mn04', H*
R, |.|2C)I\C|.|2R2 _f> R{CH,COsH + R{CO,H + R,CH,CO,H + R,CO;H

R'CQ«,H*

o)

)]\ CH2R E);»RCHCOH+RCH0H
R{H,C 0/ 2132 1 M2LU2 22

Xz ) .
RCOCH; — RCO,; + CX;H ranodopmHubliii pacnaa
HO-
X=Cl, Br
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MNMeperpynnupoBka ®aBopckoro
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0 Brz
R\)k/R  d R\)J\rR
H+

O
!! HO"
-
R R

6. Ucnonb3oBaHue MeTannoopraHM4YeCKMx cCoeauHeHUn

CuHTe3 MypaBbMHOﬁ KUCINOTbI (B I'IpOMbILIJneHHOCTM)

CcoO
NaOH p_t> HCO,Na

HO. Y O

CO,H
/& N )\4"
R R

R

1.CO,
_>

2. H;0*

RMgX RCO,H

H,0*




CBouncTBa KapObOHOBbLIX KUCIOT

TpuBHuanbHble Ha3BaHUA HEeKOTOPbIX KUcnoT RCO,H:

C,Hq (BanepuaHoBas), CsH,, (kanpoHoBas), C5H3, (NTanbMmuTnHOBas),
C1¢H33 (MaprapunHoBas), C17H35 (cTeapuHoBas)

R = H (mypaBbuHas), CH; (ykcycHas), CoHs (nponuoHoBas), C3H; (MacnaHas),

Bbicokasi pacTBOPMMOCTbL B BoAe, BbICOKasA TeMnepartypa KuneHus

.+H
o o
R—</ />_R
O\H‘»O
1. KucnotHoctb
O $”+ 0] @
OH df) O Aenokanusauus 3apsaa

AKuenTopHble 3amecTuTenm R NoOBbLIWaOT YCTOMUYMBOCTbL aHUOHA
(M KUCNOTHOCTbL COOTBETCTBYHIOW,EN KUCNOTbI), OOHOPbI - CHWKAKOT

RCO,H
R |H |cH;|ceHs|cF,
pK|3.75|475| 4.2 |0.2
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Cwuna kucnotbl X-CgH,CO,H )

X_| 2-CO,H|2-0H| 4-NO,| 4-CO,H | 3-COH| 2-CHJ H |3 (4)-CH| a-0cH|4-NH,
pk |295 |2.98 | 34 ‘3.54 ‘3.62 ‘3.9 ‘4.2‘ 4.3 ‘4.49 ‘4_92

OTCcyTCTBME NPAMOro ConpshKeHusl 3apsbKeHHbIX aTOMOB Kucrnopoaa
C 3aMeCcTUTesieM B apoMaTU4YeCKOM KoJibLie

N NS
y - '\

"KocBeHHOe" BNMAHME Me30MEepPHbIX 3aMeCcTUTenen

COZ- COZ-

akuentop g0
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BnusaHue opmo-3amecturens

(@) O
@) O
ﬂ» CH3
O—H o
O—H O—H
6onee ycronumBas HapyLweHue nNnaHapHoOCTU
BMBC (conpsikeHun)

NMpousBoaHble KAPOOHOBLIX KUCIOT

OGpa3oBaHue coneun

NaOH

PhOH ——— 3 PhONa
o)
R NaHCO; o, RCO,Na

OH
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O6pa3oBaHMe CroXxHbIX 3chnpoB (peakuusa atepudukaumnm)

[ RCO,H %‘{"'» RCO,R' + HZO}

@
0 + OH OH He
J . ®," *H
OH OH OH oH

oH R OH R ®OH

®
OH OH, _ .
iﬂ'l' +H30 R O $H
R—I—o\ —~— R O\ —~—— R\T/O\R.Q \I-r \R' :
OH

(@) Bce ctagum npouecca o6patumbl. lonoxeHne paBHOBecUs
onpeaenseTca KONU4ecTBOM BoAbl - NpU NpoBeAeHUU
e R’ aTepucpukauum Boay Heobxoaumo yaansTb. B nsdbiTke BoAbI
R (@) B KUCIIOU cpefe NpoucxoauT ruaponus acpupa no Tou ke caMon cxeme.




OGpa3zoBaHue 3achmpoB Npu B3anmMmoaemcTBMM KapObOHOBLIX KUCOT CO CNMPTAaMM B 44

YCNOBUSAX LWENOYHOro Katanmsa HeBO3MOXHO BCrieACTBUE TOro, YTo nepsas cragus
npouecca — AenpoToHMpoBaHMe KapOboKCUNMbLHOM rpynnbl, a oopasyroLwmncs
KapOoKcunaT-aHMOH ABNAETCA OYeHb CJladbbIM 3neKkTpodunom.

©
(0 0N~ -
i R
/u\)/R'_\HO —= R o’ ﬂ»RcozH To” RCO,"
\(H\ / 2

OH o

peakuusa HeobpaTtuma

Opyrue cnocobbl Nony4YeHust CroXHbIX 3¢pUpPOB:

SOCI (0 CP

(PCl5, PCI A
5 3 I » R H
©
ﬁ O
_> R O » '
\ I R
C'IV r R0
(o)
Rco, RXgy R
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CuHTe3 amuaos Kap6OHOBbIX KUCnotT

R'NH, t
RCO,H —» RCO," R'?\-I)H:,, —3» RCONHR' peakumsi npoMCXOOUT B XKECTKUX YCIOBUAX -

HeT Xopolen yxoasauwen rpynnoi!

aMMOHMMWHaA
COJb
o oy
R-{ &"'2). R NHR' —» RCONHR' €cnu X - xopouwas yxoaswas
et X rpynna (Cl, B HeKOTOPOM CTeNeHun
X X OR), peakuusa npoucxoauT Jierko

MeTopa, ucnonb3ayemMbin B NneNnTUAHOM CUHTE3e

RCO,H M—H—z-»RCONHR' peakuusi NPOUCXOAUT BGbLICTPO M B MArKUX YCITOBUSAX

UK

avuuknorekcunkapooauumug, (OLK)
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RCO,H + R—N=C=N—R; —3» )j\ )\\ R —

+
. H J
A 4
OYeHb Xopoluas
yxoasias rpynna

f'mpponus HUTpUnNoB

B KUCJIOM cpeae

_®
H,0+ R—C=NH
RCN ——» %

R—C=NH
®

R (0 N H*

8) HN—R,
i W)/ . a
R | o=\ —» RCONHR' + J\
RHN  CN—R; N N
H H

AUMUUuKnoreKCurimoyeBuHa

OH

| H*
HQ  co — (RCONH) —=—

1 R” NH
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OH
8 HO
R—C=N o Lo 0 | > Geonm) HOm
H,O N -HO NH
O
0
R—I—OH — RCO,H %» RCO,"
WY HQYH NG 2

O6paTtHasa peakuus (gerngparaums ammaoB)

RCONH, &» RCN
unu P,0Og

t
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S
0® 0 of
R—< ~— R—(a ‘H+ —4 > R—<
NH NH NH, A2
noBbiweHHasA NH-kMcnoTrHocTb NOHWKEeHHass OCHOBHOCTb
HUTPO3UpOBaHNE
| NaNo2 )]\ ,
J‘I\ R /R N-HUTpO30camMuabl -
KaHLUeporeHbl
NO
O

NaNO )]\ H,0
J]\ - [ I@\ —3» RCO,H

R” “NH, H3O+ N, H*

OYeHb Xopouwan yxoasiwas rpynna -
Nnerko ﬂpOTeKaIOLI.I,Mﬁ rmaoporunu3



AHrMapnabl KAPOGOHOBLIX KNCNOT

RCOCI
RCO,Na ——3 R
P205
~€— RCO,H

SOCI, (0.5 monb) O
RCO,H R—< He BCeraa BO3MOXHO

(0

B3anmogencreue NnPpoOon3BOAOHLIX Kap60HOBbIX KUCIIOT C MeTaruioopraHn4eCKumMmum
coeaANHEeHNnAMun

R'MgX 1. R'MgX )]\
RCO,H ——— RCO, 92
" .RH 2. H;0"

1. R'MgX )]\
RCN
210" &

o)
R - 1. R'MgX /Cd?*
)]\ DL L - >/U\
2. H;0

R R' 2 H30+
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R 50

. 1. R'MgX
RCO,R J '
R 2 h0° >R—|—0H

R'
R'MgX
RCOzNsz RCO,NH

[BOCCTaHOBneHMe NPOU3BOAHbLIX KapOOHOBLIX KMCHOT]

RCO-H ﬂl» RCH,OH [H] = LiAlH,, Hy/kaTanusaTop - B XXeCTKUX YyCNOBUSAX
NaBH, - HeT

H
RCO,R' L. RCH,OH + R'OH [H] = LiAlH,, Na/EtOH

Ho/kaTanu3aTop - B XXeCTKUX YCNOBUAX

NaBH, - HeT

RCO,NH, ZAHs o RCH,NH,

H
rcocl Ty RCHO [H] = LIAIH(OR')s, H, / Pd/BaSO,



Obwasn cxema peakumm NPou3BOAHbIX KAPOOHOBbLIX
KUCIOT ¢ HyKneodunamu (npucoegnHeHne-oTLLEnNnsrieHue)

Co o) 0
X x) ¥ Nu

Peakuusi npoucxoauT Tem nerye, Yem nyydlle yxoasiwas rpynna.
Psiq akTUBHOCTM NPOU3BOAHBLIX KAPOOHOBBLIX KACNOT:

ranoreHaHruapuabl (X =1, Br, Cl) > anrngpuasl (X = OCOR) > acdpupbl (X = OR’) >>
amuabl (X = RNHR') >> kucnotsel (X = OH, genpoToHupoBaHue!)

Peakuun no anbca-yrnepogHomy atomy

Kap6oHunbHble MpousBoaHble KAPOOHOBBLIX
coeauHeHus KUCNoT

0 ot O H* OH
R)l\ R/& X :‘X
HexapaKTepHoO, Kpome X = rasnoreH

e R & o fm =

pe3oHaHCHaa cTabunusauusa marno3Haymma
(Me3omMmepHOe BnusiHue rerepoaTroma)

=

ffz



Peakuusa Nens-®onbrapga-3enmMHCKoOro

Br
Pz >

Br, + P = PBr;

RCH,CO,H

PBr;

—
RCH2C02H -P(OH - RCHchBr —

HO&) Br

5 ( -H*

Br R R Br

52

RCHBrCOBr unu RCHBrCO,H

HO_ ) ~

Br—rB‘r —

Br R -Br-

RCH,CO,H
———2"> RCHBrCO,H
-RCH,COBr

NMpu ncnonb3oaHnn 1/3 mona kpacHoro cpocdopa NPOAYKTOM peaKkLnu ABrnsSeTCA
ranioreH3amMelleHHbIN rasioreHaHrngpua, B criy4yae KataimTU4eCKUX Kornm4yecTBs

¢ochopa — 6pomM3ameLLiEHHAA KUCOTa




KoHpoeHcauusa KnanseHa

Bonee Hu3kass CH-KMCNOTHOCTL CNOXHbIX 2¢pUPOB NO CpaBHEHUIO C KAPOOHUITBHbLIMU
coeanHeHusMU TpebyeT npumeHeHuUs 6ornee curnbHoro ocHoeaHus - EtO™ (NaNH,, NaH, Na)

o 0
EtO- e R ) - Q2 e
RCH,CO,Et == — i
EtO R EtO EtO =t
. R, R R
METUNIEHOBAaA kap6oHUnbHaA
KOMMNOHEeHTa KOMMOHEeHTAa
o
e e O O
EtO;
> Z
EtO —~—— Eto ~Eto
-EtOH
S A TR R R

BCe CTaaguun npouecca 06paTMMbI, paBHOBeECUE CABUINaeTCH B CTOPOHY
o6pasoBaHm:| npoAyKrTa 3a cuYeT coneo6pasoBaHm| Ha nocnep,Heﬁ CTaanun




NMepekpecTHaa KoHAeHcauusA

a) achup + achunp
EtO ? BO3MOX>HO MNPV OTCYTCTBUM B MOrieKyne
RCO-Et + R'CH-CO-Et t CO.Et KapOOHUITbHON KOMMOHEHTbI aTOMOB
2 e & » R 2 BOAoOpoOAa y a-yrrnepoaHoro atoma B coctase R
RI
6) achup + KeToH
O

J\+ R'CH,CO,Et EOy, )]\/I-k/
R

MeTUuneHoBasd Kap6OHMJ1 bHasA
KOMMOHEeHTa KOMMNOHEeHTAa

CH-KUCNOTHOCTb KeTOHA 3aMeTHO Bbllle, YeM Yy CroxHoro adpupa (pe3oHaHCHas
ctabunusauyus). Mosatomy, npuMeHeHue 4OCTAaTOYHO CUSILHOrO OCHOBaHUA

No3BONsieT NPOBOAUTL PeaKUMIo TAaKUM 06pa3oM, YTOObLI KETOH NPeuMyLLEeCTBEHHO
BbICTynan B KauyeCcTBe METUITIEHOBOW KOMMOHEHTLI.

B) achmp + anbaervg

Takyro nepeKkpecTHyr KOHAEeHCaLUIo OCYLeCTBUTb, KaKk NpaBuUIo, He yaaeTcs — anbaerua u oonee
cunbHaa CH-kucnota, 1 3HauYnTenbHO Ooree akTUBHAA KApPOOHUINTbHAA KOMMNOHEHTA, YeM CJIOXHbIN
acump. Byaget npoucxoanuTb KOHAEHcCaUMA anbaernga camoro ¢ cobomn.
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PhCHO + CH;CO,Et M,Ph/\/cozﬂ

Takasli KOHAeHcauMs B NPUHLMINE BO3MOXHA, MOCKONbKY anbaerna He MOXeT ObITb
MEeTUNEeHOBOW KOMIMOHEHTOMW, @ OYeHb CUSIbHOE OCHOBaHUe (M 0YeHb cnabbin Hykneodun!) -
NaH - moxeT co3aaTb 60NbLYIO KOHLEHTPAaL U0 aHUOHA U3 CIIOXXHOro adhupa.

Mcnonb3oBaHue B KayecTBe OCHOBaHUA boriee cradboro ocHoBaHuUA U bonee CUNbHOrro
Hykneoduna — ankoronAT-aHUOHa NpuBeAeT K MPOTEeKaHUIO APYron KOHKYPEHTHOMN
peakuuu —gucnponopumoHmpoBaHuio anbaernga (KaHHmuyuapo)

KoHpgeHcauua OukmaHa -

PasHoBuagHoOCTb KOHAeHcauuu KnsanseHa, npuBogsiwiasi K o6pa3oBaHUIO0 LUKNMYECKUX NPOAYKTOB

BHYTPUMOJIEKYNAPHasaA KOHAeHcaums
O

OEt
COEL Lio- ( » C8 CO,Et
*
CO,Et S 02 £ T -~

peakumsa noaxoauT ansi CuHTe3a 5- n 6-4neHHbIX UUKIOoB
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MEeXMOrneKynAaApHad KOHAeHCaunuA

D
CO-Et EtO,C EtO,C 0>,
EtO" OEt
CO»Et EtO,C
CO,Et

EtO,C CO,Et
EtO,C © X
%Et EtO,C D EtO,C 0
Q3 1o =0 You -
CO.Et 0 CO,Et
CO,Et 2
EtO Et0 ) -

KoHaeHcauus MNepkuHa

0 o) H 0
_{ Acoﬁfcma"ue M%_R OHR
RCHO + @) T» — p -
K

O
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0 R S7

peakuma BO3MOXHO TONbKO And R, He coaepxawmx aToOMOB BogopoAa Y a-yrinepoaHoro
aroma (Hanpumep, Ph)

[ALWIHOVIHOBaSI KOHOeHcauusa ]

8 & )
/COZEt Na >._0Et OEt
n(H,C) —»  (H,C) > n(HC) | M\ >
\ acpup OE -20Et
CO,Et *—OEt :

3 )



o P OH 58
n(H,C) Ni» n(H,C)U ﬂzQ» n(H,C)
O oo

aLunovH

peaKkuma npurogHa AnAa nony4yeHnda MaKpouuKiioB

[I‘IpumeHeHMe 6eta-keTtoacdupoB B CMHTe3e]

RX OCYLUEeCTBUTb PeaKkUuuio ankunupBaHus HEBO3MOXHO BCreacreue
CH;CO5Et —< >
< HU3Kou CH-KMCNOTHOCTU cnoxHoro adpupa

O
0 Ao o) 0
)l\/COZEt EFrol™ )-ke/cozEt “”)wcozEt

aueToyKCyCHbIN acdmp -
cunbHasa CH-kucnorta

Sn

pe3oHaHCcHasA + UHAYKTUBHaA ctabunusauunsa Kap63HMOHa

O

)H/COZEt %p )I><C02Et R, R' - ankwun, X - 1, Br, C|

R



59
KETOHHOE pacluenrneHue

O

CO,Et |.|30+ SR’
O -co2
R R

KUCJIOTHOE pacliernsfieHue

KeTOH

KUCIoTa

O O )
HO
CO,Et 0% = N _COy 5 CO,H
-AcOH
R R

R R

/O Takum obpasom: - \




S @

Hg,o+ H30+

0
CO,Et CO,Et 1 EtO- é( HO CO.H
CO,Et 2RX CO,Et CO,H

peakuusa KOHAeHcaumMm oopaTumal

. Eto, (O
> R CO,Et COEt

oonee
YCTOWYUBbLIW aHUOH
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R R R o
OEt , 1. EtO" H.O"
-EtO e~ 0 —= R R’
0o° O 2.R'X QV t
R' HO-
CO,Et CO,Et EtO,C t R’
R
CO,H
CO,H
o)
R
H,0%
0 0 t p
CO,Et EtO,C BSR4 2
EtO- 1.EtO" R
— —_—
2. RX R
CO,Et CO,Et
CO,Et
O 0
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[HMKapﬁoHOBble KUCNOThI }

NMponsBogHble YyroribHOM KUCNOThI
C
CO + Cl, —t> COCl, -«— CCIl,; + SO;3

¢docreH

ROl'y \ RNH,
0 0

O (@)
ROH RNH,
- —
RO OR Cl OR Cl NHR RHN NHR
kapGoHart xnopdopmuar MOYeBUHa
(0] O
ROH
s ~ l Cl NHR RO NHR ypetaH
,t o
B LS N CO, + NH; Ti» Jl\ MOueBMHa (kap6amua)
| FMOYEBWK, H:N NH;
(KAPBANMLY)
R WaEH;0
e e e (MeaneHHo)

Macca neTro: 0,9Kr £1%

“'M-m-rqnm—-o..u-pn
¢ P T, e g AT y
e, fremae pasryeTen.
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(o) CO,Et

)]\ + CH,CO,Et E9%

EtO OEt CO,Et

nepekpecTHasa KoHaeHcauua KnanseHa, kapboHaT MOXeT BbICTynaTb
TOJIbKO B Ka4yecTBe KapOOHUNbHOWU KOMMOHEHTbI

O o) O
Jl\ CH,0 )]\ J-I\
HNT SNH, — p,N H/\OH . i N° SN RS
0

NaNO
CHNHAHC! J]\ i
J]\ £ /

H2N NH> H,0t HoN




«HacToswme» aukap6oHOBbIe KUCNOThbI

CO,H CO,H
(|:02I_I < . 2 CO,H
CO,H CO,H

- CO,H

I-uaBeneBaﬂ MaHOHOBaﬂ HAurtapnas Inyraposas A.DMI'IMHOBaﬂ

[ MeToabl cuHTe3a ]

: CONa CO,H
HCO,Na —» [ H3° E
CO,Na CO,H
CO,H
Cl, 1. NaOH " gso”
CH3CO,H —3» CICH,CO,H _>
P 2. NaCN i
CO,H 2
H3O++

0 i CO,Et

u@\/ﬂ 'A}\a EtOJI\OEt e e <cozEt
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Br CN CO.H
H.O?
[ NaCN’ [ 3 3 E
Br

O o)
02 H2
— O 7
© V205 ¢ Pd/ <§O o
o) o)

OH O
HNO 6. /~~CO,H [O] AN
é unm {I» k ipa3 )> n(HZC)\/COZH . O
(CHa), (CHy), 2 (CHz)n

n= 1,2 [O] - MnO4IH+, 1. 03, 2. H20/H202
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CBoucrtBa
1. KucnotHocTb
CO,H CO-H
(IIOzH S < 2 S 2 COH CO,H
CO.H i COH CO,H
(O CO,H

NMpUYnHbLI:
1. NHAYKTUBHbLIN 3chPeKkT KAPOOKCUITLHON rPynnbl.
2. BHyTpuMoneKkynsipHaa BoAooOpoAHasa CBA3b, CTaOUNU3NpYOLWLaa aHUOH.

H., H.
0/ bo_ o/ u.o_
O‘ ; EO‘ o o

OKCaJiaT-aHUOH MaJiOHaT-dHUOH

JIErKkOCTb OKMUCIEeHue WwaBeneBoOn KUCIOThI

COH KmMnO
| —3%- CO, + H,0
CO.H

CO,Et AU3TUIIOKCanaT - CJI0XKHbIN 3adup, He UMerLWw N aToMoB Boaopoaa y
o-yrrepoaHoOro atomMa - akTuBHasi KapooOHUNbHasA KOMMOHEHTa
CO,Et B nepeKkpecTHbIX KOHAeHcauuax KnanseHa
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derngpatauma
CO,H
il P20s ~100°
CO.H | ol

H
o ) L\O OH
OekapbokcunupoBaHue M TO> /& —» CH3;CO-H
HO o -CU2 HO

0
CO.H
P205 CO,H on5 .
CO.H
CO.H
0

/"COMH p o e
(H,C) P20s ) 4JJ\
“\COH (CA!)\,,O/)'



68

[CVIHTeTI/I‘-IECKVIe NPUMeHeHns1 ManoHoOBOro (HaTpmasrioHoBoro) acdpupa ]

<C02H EtOH ae= EtONa EtO,C : YCTOMYUBLIA aHUOH -
Na WHAYKTUBHOE BIUSIHWE ABYX
aKLenToOpHbLIX rpynn
CO,H CO,Et EtO,C
CO,H ¢
R > R _-COH
CO,H
H30++
CO,Et CO,Et CO,Et
1 EtO; K
®< —< e H*"O COH
Sz 2RX R’
CO,Et CO,Et CO,Et

CO,H

CO,Et
2=" CICH,CO,Et EtO& 0258 H;0*
_t>

CO,Et CO,Et CO,H



Br

CO,Et
CO,Et [ " .
Br
k CO,Et J—>
CO,Et CO,Et
Br
[ 0.5 M
CO,Et
Bl oo J—» D_C()zH
EtONa (2 M) CO,Et
CO,Et | EtO,C CO,Et T CO;H
e< L — - [
t CO,H
CO,Et EtO,C CO,Et 2
COEt EtO,C COEt . . 2
R e r>—4Rr O
CO,Et EtO,C CO,Et R” “Co,H
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[HeKOTOpre CBOMCTBa aHrMAapuAoOB ANKapOOHOBbIX KMCHOT]

O RO
( o¥
RO"
O > O —)»
MOHO3 NP ANKUCIOTbI
O O
NH;
0 \

NaOBr { COZH NaOB
NBr ‘00 NH NaOBr] a ;

HO, t

p-umst
0O 0 iApenn3 MocdbmaHa

CYKLIMHUMMUA,

CO,H

NH,
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ApOMaTM YeCKunue KUCJioThbl

| J CO,H CO,H .

:. ‘ : %‘
pr— Ny o A 0, > O
’ ’ | COZP. | - _2.|.h> I _COZH uvo;bh;% »1 3 YYY _:;1
y y Co = = =l

FAN~ 4
TonyunoBble thTanesble . [ !
KUCTOThI KUCTOTbI
A eTee aree B r COZH CON Et2
R 1. Mg / achmp - N
| - 2. CO, | - O9TA
3. H;0*
@)
CO-H
05 o H;0"
V.0 e dTaneBas kucnora:
2V5 CO,H anatundgTanar (penesneHT)
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CO,H
NHs NaOBr 2
o) NH
CO,H dbranumm .D. aHTpaHuNoOBas KUcnora
CO.H
=3 1. KOH/4003
COzH 2 H 0+
HO,C

TepedTaneBasa KucrnoTa

CO,H

HO,C

HZNONV HO \_/OH
L O

KeBnap naBcaH




AKUEeNnTOpHO-3aMeLleHHble arnKeHbl
(0,p—HeHacbIWeHHble KAPOOHUNBbHbIE COeANHEH NS,
KUCNOTbI U UX NPOU3BOAHLIE)

O o &
> NEt
(:( 2 (:/E 3 g
Br

peakuua MaHHUXa
CH.0 + (CH3)2ﬁH2CP —> _ﬁ/

P\

CH,0 | ACHI
(CH3)2'H2CP> (I, 2 Ag?_O HO"

CuHTe3

N anekTpodun
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KPOTOHOBAA KOHOEeHCaLuus

(@) (@)
I s

Henpep.eanble KUCNOTbl U UX NpOn3BOoAHbIE

Br
Br, EtO
" NcoH T CoH —1 > Z coH
O HCN H,0*
A — AT R = ZNCcoH

NH
/\)o':

HO_ CN n.o*

aKpuinoBad KUCInoTa

COzH

CO,H

MeTaKpusiioBasi
KUCJIioTa

74



75

CBoncraa (HyKneOQ)vmbHoe npucoeanHeHue)

\)@ \)4 *\H;(Nu

X
9) 1,2-npucoegnHeHne

S g P -
v\ /\%\ —~ /\)l\x

1,4-npucoegnHeHue

NMpucoeguHeHuro no Muxaanio —
B3aumMoaencTBme akLuenTopHO-3aMeLlleHHbIX arikeHOB C KapbOaHUOHam
npoucxogut Kak 1,4-npucoeguHeHune!
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2 0
cokt 1
R t R
CO,Et
1. EtO'*
O (@)
CO,Et "'_3(1
R t R
CO,Et
O

0 0
H,0*
5 rR —> HOL

Et0,C CO,Et
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)\/

: 8
r o, E% R,}KNOZ , S R.Agi/

OYeHb YCTOMYUBbLIN KapOaHUOH d:

Rl
HO"
R"CHO + R'/\No2 — > R"\)\N -
2

aKTUBUPOBaHHbIN K HyKJ1leo( UNLHOMY
NPUCOeAUHEHUIO aJNiKeH

O 0
)I\/ R'/e\Noz NO
R - R 2
COzEt j
R CO.Et

R" C02Et
CO,Et t CO,H
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Takum oGpa3om:
Rll

o
20 T G N

Rlll

R,R",R™ = CHO, COR;, CO,R; CN, NO,

O Hen peaesibHbIX KUCJIoTax

>—C02CH3 — 1>(\)ﬁ nonuMeTUnMeTakpunar (oprcrekno)
CO,CH,

/\CN —=- l/\l/fn NONUaKPUITOHUTPUI (OPMNOH, HUTPOH)

CN
n n
CO,H CONH,
noJfinakKpunoBas noJinakpunamung
KUCIoTa
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cTeapuH
_OCOR H30 * OH
H, H,0
Maprapul —e— OCOR' —>» RCO; + R'CO,” + R"CO, + OH
Ni O™ .\ J
N 1 e
OCOR Na-conu - Mbifno OH

onudcpa (Co, Pb, Mn)  rpnuuepuapl
3UPbI HACBILWEHHbIX U HEHACHIWEHHbIX KUCTOT

KUCNOTbI HacblWeHHble KUCIOTbl HEHacbllWeHHbIe
CH;(CH,)4,CO,H nanbMuTUHOBaA 77—\
H3:C(H;C), (CH,);COzH
CH3(CH,),5sCO,H maprapuHoBas e o
CH;(CH,)1,CO,H cTeapuHOBas . /(CH2)7CO2H
{75 HyC(H,C);7
ananauHoBas
CH;(CH,)4,CH=CHCH,CH=CH(CH,);CO,H
JINHoNneBas

CH4(CH,CH=CH)3(CH,);CO.H

JINHOJ1IeHOBasA
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OCOR OCOR

OCOR' OCOR'
o)
A p? c)\/\NH?, \P/O\/\ﬁ/
i /\\ -O/ \\O / \

Kecpanqul (6nonornyeckue

neuutTuHbI (bnonornyeckue MemopaHbl
MeMOpaHbl, HEPBHAasA TKaHb) I ( P )



